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DEPARTMENT OF THE ARMY
‘NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

REFLY TO
ATTENTION OF:

NEDED
JAN 2 3 1979

Honorable Bugh J. Gallen

Governor of the State of New Bampshire
State House

Concord, New Hampshire 03301

Dear Governor Gallen:

I am forwarding to you & copy of the Lochmere Dam Phase I Inspection
Report, which was prepared under the National Program for Inspection of
Non-Federal Dams. This report is presented for your use and is based
upon & visual inspection, & review of the past performance and a brief
hydrological study of the dam. A brief assessment is included at the
beginning of the report. 1T have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action is'a vitally {mportant part of this program.

A copy of this report has been forwarded to the Water Resources Board,
the cooperating agency for the State of New Hampshire. In addition, a
copy of the report has also been furnished the owner, New Hampshire
Resources Water Board, 37 Pleasant Street, Concord, New Hampshire
03301, ATTN: Mr. George M. McGee, Sr., Chairman.

Copies of this report will be made available to the public, upon
request, by this office under the Freedom of Information Act. In the
case of this report the relc... date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Water Resources
Board for your cocperation in carrying out this program.

Sincerely yours,

JOHN P. CHANDLE%

Calonel, Corps of Engineers
Division Engineer

Incl
As stated
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT !
Identification No.: NH 00015 ;
NHWRB No.: 21.07
Name of Dam: LOCHMERE DAM
Town : Belmont
5 County and State: Belknap, New Hampshire
Stream: " Winnipesaukee River

Date of Inspection: May 31, 1978

BRIEF ASSESSMENT

Lochmere Dam is a 223 foot long, concrete and stone gravity dam

[ with a maximum height of approximately 14 feet. The dam con- {
: sists of, beginning with the left bank, a 13 foot long concrete }

abutment, a 72 foot long, six bay spillway and sluice gate

structure, a 72 fecot long, six bay spillway with provision for

stoplogs, a 17 foot long, three bay ogee spiliway, a 17 foot

long intermediate pier supporting a gatehouse and a 38 foot long,

five bay sluice gate structure. The dam, which is owned by the

New Hampshire Water Resources Board (NHWRB), appears to be

founded on dense glacial till. The original dam was built in

1910, modified in 1957 and further altered to its present con-

figuration in 1976.

The dam, which lies on the Winnipesaukee River and impounds Lake
Winnisquam, is used primarily to maintain the lake for recrea-
tional purposes, with a secondary function as a flood control
structure. The 428 square mile drainage area of gently to
steeply sloping forest includes the 363 square mile Lake Winni-
pesaukee drainage area and the 11 square mile Opechee Bay drain-
age area. The dam's maximum impoundment of 33,280 acre-feet
places it in the INTERMEDIATE size category, while the possi-
bility of heavy property damage, but unlikely loss of life, in
the event of failure indicates a SIGNIFICANT hazard potential
classification.

with the Corp's guidelines, the Test Flood (TF) is one-half the
Probable Maximum Flood (PMF). Because this dam is part of a
complex system of dams, lakes and channels which comprise the
Winnipesaukee River drainage basin, the PMF cannot be readily
determined. Using an analysis within the scope of a Phase I
investigation, however, a TF inflow of 27,000 cfs yields an
infiow at the dam of 10,000 cfs.

il
|" Based on the size and hazard potential ratings and in accordance
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The dam's maximum discharge capacity is only 7800 cfs, or 78%
of the Test Flood and, thus, the dam could be overtopped by as
much as 2 feet. Based on this analysis, an improvement in the

~dam's discharge capacity is recommended. H

The dam is in GOOD condition at the present time. Only a few
relatively minor operating and maintenance improvements are
necessary. Included in these are modification or replacement
of the present hand crank system so that gates can be operated
manually, monitoring of erosion at the end of the right training
wall and of seepage through the square stone masonry near the
left sluice gates when the gates gre open, replacement of in-
adequate stoplogs, installation of a gauge at the dam and
training of local officials in the dam operations to decrease
response time in the event of emergencies. Additionally, the
owner should implement a formal, written flood and emergency
warning system.

The above recommendations and remedial measures should be
implemented within 2 years of receipt of the Phase I Inspection
Report by the owner, In light of the dam's GOOD condition,
periodic technical inspections should be accomplished every

twWC vears.

William 8. Zo Nicholas A. Campagna
New Hampshire¢ Bégistration 3226 California Registration 21006
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This Phase 1 Inspection Report on Lochmere Dam

has been -reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recoumended Guidelines for Safety Inspection of
Dams, and with good engineering judgment and practice, and is hereby
submitted for approval.
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RICHARD F. DOHERTY, MEMBER (_/

. Water Control Branch

Engineering Division

CARNEY M. TERZIAN, MEMBER
Design Branch '

ineering Division .
JOSEPR A. MCELROY, CHAI% .
Chief, NED Materials Testing Lab. '

Founda;ions & Materials Branch
Engineering Division

APPROVAL RECOMMENDED:
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Chief, Engineering Division
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams for
Phase I Investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D.C. 20314. The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general con-
dition of the dam is based upon available data and visual
inspections. Detailed investigation and analyses involving
topographic mapplng, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of

8 Phase I investigation; however, the investigation is inten-
ded to identify any need for such studies.

In reviewing this report, it should be realized that the

reported condition of the dam is based on observations of

field conditions at the time of inspection along with data :
available to the inspection team. In cases where the reser- |
voir was lowered or drained prior to inspection, such action, i
while improving the stability and safety of the dam, removes :
the normal load on the structure and may obscure certain

conditions which might otherwise be detectable if inspected

under the normal operating environment of the structure.

It is important to note that the condition of a dam depends :
on numerous and constantly changing internal and external !
conditions, and is evolutionary in nature. It would be 5
incorrect to assume that the present condition of the dam

will continue to represent the condition of the dam at some

point in the future. Only through continued care and 1nspec-

tion can unsafe conditions be detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the Test Flood is based on the
estimated “Probable Maximum Flood" for the region (greatest
reasonably possible storm runoff), or fractions thereof. Be-
cause of the magnitude and rarity of such a storm event, a
finding that a spillway will not pass the Test Flood should
not be interpreted as necessarily posing a highly inadequate
condition. The Test Flood provides a measure of relative
spillway capacity and serves as an aid 41in determining the
need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and
the downstream damage potential.

iv
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PHASE 1 INSPECTION REPORT
LOCHMERE DAM
SECTION I
- e PROJECT INFORMATION

General

(a) Authority

Public Law 92-367, August 8, 1872, authorized the
Secretary of the Army, through the Corps of Engineers,
to initiate a national program of dam inspection through-
out the United States. The New England Division of the
Corps of Engineers has been assigned the responsibility
of supervising the inspection of dams within the New
England Region. Goldberg, Zoino, Dunnicliff & Associates,
Inc. (GZD) bas been retained by the New England Division
to inspect and report on selected dams in the State of
New Hampshire. Authorization and notice to proceed was
issued to GZD under & letter of August 22, 1978 frowm
Colonel Ralph T. Garver, Corps of Engineers., Contract
No. DACW 33-78-~C-0303 has been assigned by the Corps of
Engineers for this work.

(h) Purpose

(1) Perform technical inspection and evaluation
of non-federal dams to identify conditions which
threaten the public safety and thus permit cor-

rection in a itimely manner by non-federal interests.

(2) Encourage and prepare the states to initiate
gquickly effective dam safety programs for non-
federal dams.

(3) Update, verify and complete the National
Inventory of Dams.

{(c) Scope

The program provides for the inspection of non-
Federal dams in the high hazard potential category based
upen location of the dams and those dams in the signifi-
cant bhazard potential category believed to represent an

immediate danger based on condition of the dams.

1-1




1.2 Description of Project

{(a) I.ocation

The Lochmere Dam lies on the Winnipesaukee River
approximately 0.4 miles southeast of the village of
East Tilton, N.H. The site 1s easily saccessible via
Routes 3/11. The portion of the USGS Penacook, NH quad-
rangle presented previously shows this locus. Figure 1
of Appendix B presents a detail of the site developed
from the inspection visit and the map.

ki ek (RIS S R A

(b) Description of Dam and Appurtenances

1

This dam, approximately 223 feet in length, con-
sists of six basic structural components (Fig. 2).
Beginning at the left bank, the components consist of a
concrete abutment 13 feet long, a combination spillway
and sluice gate structure 72 feet long, a 6 bay spillway
72 feet long equipped with stop logs, a 3 bay spillway
approximately 17 feet long, an intermediate pier approxi-
mately 11 feet long which supports a service building,
a five bay sluice gate structure 38 feet long (Fig. 3)
and a combination wingwall and training wall approximately
140 feet long (forming the right abutment). Steel grating
service bridges span over the water control structures
on either side of the service building. The dam's maxi-
mum height is approximately 14 feet.

[ &
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The right side of the dam formerly discharged
into a channel which carried the water to a hydroelectric
plant approximately 400 feet downstream. The plant,

however, is no longer in service and the channel is now
backfilled. (Fig. 4)

Borings executed in March 1976 in preparation for
construction of the 5 bay sluice gate structure indicate
that the dam may be founded on at least 10 feet of very
dense, bouldery glacial till.

(c) Size Classification

The dam's maximum impoundment of 33,280 acre-feet
falls within the 1000 acre-~feet to 50,000 acre~feet range
which defines the INTERMEDIATE size category as outlined
in the "Recommended Guidelines."

1-2
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(&) Hazard Potential Classification

Flow through Lochmere Dam travels in a wide,
shallow channel for approximately 500 feet before enter-
ing Silver Lake. The shallow channel and lake would
serve to dampen any flood wave generated at the dam.

For this reason, the potential for loss of life in the
event of a failure is probably low. Rising waters would,
however, cause considerable property damage to low lying
structures around Silver Lake and along the course of

the river to Tilton. Therefore, a hazard potential clas-
sification of SIGNIFICANT is appropriate for this dam.

(e)  Ownership

The New Hampshire Water Resources Board (NHWRB)
owns this dam. XKey officials of the Board are; Chairman
George McGee, Chief Engineer Vernon Knowlton, Assistant
Chief Engineer Donald Rapoza and Staff Engineer Gary
Kerr. The Board has offices at 37 Pleasant Street,
Concord, N.H. 03301, and can be reached by telephone at
(603) 271~-3406 or (603) 271-1110. The Public Service
Company of New Hampshire turned the structure over to
the state in 1966.

(£) Operator

The NHWRB has a permanent dam tender who operates
the Lakeport, Avery and Lochmere Dams and several smaller
structures. He receives instructions daily from the
Board's offices in Concord and can be contacted through
the Board.

(g) Purpose of Dam

The primary purposes of the dam are to regulate
the level of Winnisquam Lake for recreational purposes
and to provide some flood protection along the Winnipe-
saukee River.

(h) Design and Construction History

) Historical records indicate that initial construc-
tion occurred in 1910. The original structure, built by
the Public Service Company of New Hampshire (PSCNH),
retained water for power generation at the abandoned
hydroelectric plant 400 feet downstream.

1-3
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1.3

In 1957, PSCNH made some alterations to the 161 foot

long section of the dam between the intermediate pier

and the left abutment. Significant alterations took
place in 1976 when the NHWRB constructed the 5 bay sluice
gate structure on the right side of the dam and backfilled
the channel to the hydroelectric plant which had been
idle for at least 10 years (Fig. 4).

(i) Normal Operational Procedures

The NHWRB operator visits the dam at least every
other day and reports gage readings back to the Concord
office. Engineers at the head office, in turn, direct
any gate operations necessitated by the operator's input.
In late summer, .the Board draws the lake down 2 feet in
anticipation of fall storms and spring runoff.

Pertinent Data

(a) Drainage Areas

The Lochmere Dam must pass flow from the Lake
Winnepesaukee drainage area, some 363 square miles, plus
the Opechee Bay and Lake Winnisquam drainage areas of 65
square miles. The upstream Avery and Lakeport dams,
however, also assist in the control of the Lake Winni-
pesaukee discharges. In general, the terrain is forested
and gently sloping, although regions of steep terrain
border the lakes at some pcints. The area is a major
recreational center and, as such, has considerable
development all around both lakes and on the many islands
in Lake Winnipesaukee.

(b) Discharge at Dam Site

(1) Qutlet Works

The outlet works at the dam consist of the
six 4 feet, 1 inch wide by 2 feet 9 inch high
gated tunnels and the five 6 feet wide by 6 feet
high sluice gates., Both sets of features have
inverts at El. 471.3.

(2) Maximum Known Flood at Damsite

Records for the USGS streamflow gauge at
Tilton, New Hampshire (Gauge No. 01081000)
extend back at least 40 years.

i-4
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(c)

(d)

The peak flow at the gauge occurred during the
September 1938 hurricane when a flow of 3810

ofs was recorded. The gauge was not in operation
during the March 1936 flood.

(3) Spillway capacity at maximum pool eleva-

tion (includes 3 bay spiliway and two © bay
spillways): 2400 cfs at E1. 484

(4) Gate capacity at normal pool eleva-
tion (includes 5 new sluice gates and 6 tunnels):
3500 cfs at E1. 482

(5) Gate capacity at maximum pool elevation:
3800 cfs at El1. 484

(6) Total discharge capacity at maximum pool
elevation: 6200 cfs at E1. 484

Elevation (ft. above MSL)

(1) Top of dam (walkway): 484 .4

(2) Maximum pool: 484 +

(3). Recreational pool: 482 +

(4) Spillway crest: 481.3

(5) Streambed at centerline of dam: 471 +
(6) Maximum tailwater: Unknown

Reservoir |

(1) Length of recreational pool: 10 miles +

(2) Storage of recreational pool: 20,800
acre-feet +

(3) Storage of maximum pool: 33,280 acre-feet +

(4) Area of reservoir: 4160 acres +

1-5
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(e) Dam
(1)
(2)
(3)

(4)
(5

(6)

Type: Concrete and stone gravity
Length: 223 feet

Height: 14 feet structural -
13 feet hydraulic

Top width: Varies to as much as 23 feet

Side slopes: Upstream - vertical
Downstream ~ wvaries to as flat
as 3:1

Cutoff and grout curtain: Unknown

(f) Spillway

(1)
(2)
(3)

(4)

(3)
(6)

Type: Concrete broad crested
Length of weir: 161 feet

Crest elevation: 88 linear feet at El1. 481.3
72 linear feet at El. 477.9

Gates: 72 linear feet permit installation of
up to 3 feet of stoplogs

U/S channel: Open pond

D/S channel: Concrete and stone aprons
discharging into wide channel

(g) Regulating Outlets

Information concerning the number and size of
regulating outlets is contained in subparagraph 1.3(b)

(1) above.

Rising stem mechanisms permit the operation

of all 11 gates, either electrically or manually. The
electirical operator is a portable device similar to an
electric drill which receives power from a receptacle
at the service building.
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SECTION 2 - ENGINEERING DATA

2.1 Design Records

The design of the Lochmere Dam is straight forward and
incorporates no unusual features. None of the original hydro-
logic, hydraulic or structural calculations are available,
however.

2.9 'Construction Records

None of the original coanstruction plans, particularly
those concerning foundation conditions or the precise nature
of the o0ld gravity structure which has since been altered,
are available. On the other hand, existing plans for the 1857
and 1976 renovations adequately present most important features
of the changes to the original dam.

2.3 Operational Records

The NHWRB operates the dam in a manner consistent with
its intended purpose and engineering features and maintains
satisfactory records of the dam's operation.

2.4 Evaluation

(&)  Availability

- Neither design calculations nor as-built drawings
are available, if indeed they exist. While construction
drawings concerning the alterations are available and
generally detailed, the lack of design data and informa-
tion on foundation conditions results in a marginal
evaluation for availability.

(b) Adeguacy

The lack of in-depth engineering data does not
permit a definitive review. Therefore, the adequacy of
this dam cannot be assessed from the standpoint of
reviewing design and construction data. The assessment
is thus based primarily on the visual inspection, past
performance history and sound engineering judgement.

(c) Validity

Since the observations of the inspection team
generally confirm the mvailable written and verbal data,
these sources of information warrant a satisfactoryevalu-
ation for validity.
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SECTION 3 — VISUAL INSPECTION

Findings
() General

The Lochmere Dam is in GOOD condition at the
present time and requires no immediate remedial measures
for continued safe operation.

{b) Additional Description

Due to the large number of features incorporated
into the dam, the following paragraphs expand on the
description provided in subparagraph 1.2(b).

The dam between the left azbutment and the inter-
mediate pier consists of dry squared stone masonry. A
concrete facing was placed on the upstream side sometime
in the past. The top of the stone masonry dam is also
capped with concrete and accomodates spillway crests.

The downstream side of this structure is stepped, dry
squared stone masonry. The upstream side of the original
stone was near vertical faced. The length of this stone
structure between the left abutment and the intermediate
pier is approximately 181 feet.

The foundation for the intermediate pier, which
varies from 11 feet to 17 feet wide and which is 50
feet in length, consists of concrete faced stone mason-
ry with retained f£ill.

The left abutment is a concrete structure pene-
trating 13 feet into the left bank. A combination
concrete and dry stone masonry rubble wingwall extends
approximately 27 feet downstream from the abutment.

The combination sluice gate and splllway structure
consists of 6 double spillway bays, 12 feet in width,
with sluice gates centered in each bay and outlet tunnels
offset at each bay. The spillway surface is broad
crested. Each bay is subdivided by & concrete pier
for supporting the service bridge. Rising type gate
stems and crank operated, bench stand gear boxes are
supported on structural steel yokes (twin channel
sections) spanning over each bay; these yokes, in turn,

3-1
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are supported by means of steel columns 12 feet apart
which frame into the concrete piers. The actual size

of the sluice gates cannot be measured as the gates and
guides are submerged. Historical data indicate that the
gates are 5 feet high by 4 feet wide. Sluice gate outlets
through the dam are also submerged due to normal tail-
water conditions, but existing plans describe the outlets
as "tunnels"™ 4 feet, 1 inch wide and 2 feet, 9 inches
high.

The spillway portion of the dam with stoplogs
consists of 6 double bay sections, 12 feet long, which
are subdivided by structural steel supports for support-
ing the services bridge and steel stoplog guides,
Stoplogs were in place to a height of 15 inches at the
time of the inspection.

The spillway portion of the structure consists
of an ogee section divided into 3 bays by means of two
intermediate concrete piers. These piers support the
service bridge.

The service building, which is located on the
intermediate pier, is constructed of concrete block
masonyy units and reinforced concrete roof and floor
slabs. The structure is 8 feet, 8 inches wide and 20
feet. long.

The 5 bay sluice gate structure consists of 6
feet wide by 6 feet high timber gates with gear boxes
and rising stems. Gear boxes are the crank operated,
floor stand type and are supported on structural steel
channel sections. Intermediate buttress type piers, 2
feet thick, support the steel channel sections and the
service bridge. The right abutment, intermediate sluice-
way piers and the right side of the pier supporting the
service building have integrally cast stoplog slots both
upstream and downstream of the sluice gates for mainten-
ance purposes. This structure is also eguipped with a
full width, concrete energy dissipator approximately
29 feet downstream of the sluice gate axis. A full
width concrete apron extends approximately 32 feet
downstream from the energy dissipator and coincides with
the downstream limits of the right training wall. There
is evidence of a former training wall foundation extend-
ing downstream from the concrete faced intermediate
pier.
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Dam

{1) Left Abutment

The concrete in this abutment and the wing-
wall extension is in good condition with no signs
of spalls, cracking or efflourescence. The dry
stone masonry rubble wingwall shows no evidence
of bulging or displacement. No seepage around
or under the location where the 13 foot long
concrete wall penetrates the left bank was noted.

(2) Sluice Gate and Spillway Structure
(Photo 2)

The =quared stone masonry including the
exposed stepped apron appears to be in good con-
dition without any signs of displacement. Due to
tailwater conditions and the flow over the
spillway, physical observation of the "tunnel"
ocutlets was impossible. However, when a repre-
sentative of the NHWRB opened a sluice gate, some
seepage appeared through the stone joints; the
degree of seepage decreased as the discharge
increased. Conversely, during the closing of
this particular gate, the amount of seepage
increased as the discharge decreased.

The concrete facing, spillway crest and
apron are in fair condition with evidence of minor
erosion on the crest and apron. Observations of
the piers revealed minor hairline cracking, check-
ing, efflourescence and surface staining due to
rusting of the service bridge grid deck. Structural
steel supports for the service bridge and sluice
gate yokes are in good condition with occasional
minor rusting. The submerged condition of the
gates precluded visual inspection.

(3) Spillway with Stoplogs

The applicable comments relating to the
stone foundation in the preceding paragraph apply
to this structure. Due to tailwater conditions,
the extent of seepage, if any, through the founda-
tion could not be observed.




The concrete apron is in fair condition with
evidence of minor surface erosion. Observation

of the piers also revealed minor hairline crack-
ing, checking, efflourescence and surface staining
due to rusting of the service bridge grid deck.
Structural steel supports for the service bridge

. and stoplogs are in good condition with occasional
minor rusting. Stoplogs show no evidence of dis-
placement or deflection under hydrostatic pressures,

{(4) Spillway Structure

The applicable comments relating to the
stone foundation again apply to this structure.
Due to tailwater conditions, the extent of seep-~
age, if any, through the foundation could not be
observed. The concrete spillway is in fair
condition with minor evidence of surface erosion,
Minor joint erosion exists between the lower end
of the spillway and the left side of the inter-
mediate pier. Observations of the dividing piers
revealed minor hairline cracking, checking, efflour-
escence and surface staining due to rusting of
service bridge grid deck.

(58) Intermediate Pier

The intermediate pier is in fair condition.
There is minor erosion at the outer end of the
right corner of the structure. There is also
evidence of minor checking and efflourescence on
the left and right walls.

(6) Five-Bay Sluice Gate Structure (Photo 1)

The concrete in this structure, including
the intermediate piers aprons and energy dissipator
are in good condition with no evidence of erosion,
spalls, cracks, checking or efflourescence. The
sluice gates themselves are in good condition.

(7) Right Abutment (Photo 3)

The concrete portions of the right abutment,
upstream wingwalls and downstream training walls
are in good condition without evidence of signifi-
cant erosion, spalls, cracks, checking or efflour-
escence,
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(d)

Considerable erosion of the downstream channel
bank near the end of the right training wall
has been arrested by the placement of large
boulders along the bank for a distance of 25
feet beyond the end of wall.

Appurtenant Structures

(1) Service Building

The service building is in good condition
with no significant structural defects. Despite
the fact that the walls are not waterproofed,
there is no evidence of moisture seepage through
the walls or roof. New maintenance stoplogs for
the five-bay sluice gate structure, which are
stored in the building, are incorrectly fabricated.
Slots at anchor bolt locations are deeply skived,
reducing the cross sectional bearing area by as
much as 50%.

(2) Service Bridges and Railings

The service bridge grid deck located between
the left bank and intermediate pier suffers from
minor surface corrosion. S8Structural supports
and connections exhibit a minor degree of corrosion.

The service bridge grid deck spanning over
the five-bay sluice gate structure is in good con-
dition with no evidence of rusting or corrosion,

The pipe rail fence on both service bridges
is in good condition without evidence of rusting
or corrosion.

(3) Gate Operating Mechanisms

Operation of the gates at the sluice gate
and spillway structure and the 5 bay sluice gate
structure is either manual, utilizing a hand crank,

"or by a hand-held, electric powered portable

operator similar to an electric drill. The por-
table electrical operator utilizes an extension
cord plugged into an electrical receptac¢le at the
service building.

¢



The representative of the New Hampshire Water
Resources Board advises that they limit the

extent of gate opening by physically measuring

the change in stem position. When not in use, the
portable operator is stored in the service build-
ing.

It was found that the hand crank with its
keyway and the power drive shaft with its keyway
were not compatible for hand crank operation.
Thus, none of the gates at either structure were
operated on a purely manual basis using the hand
crank.

During the operational testing of the gates
at both sluice gate structures, the gates were
operated at low speed during the initial opening
and on approaching the full open position and at
high speed in between. The reverse approach was
used on closing.

At the time of inspection, the structural
supporting members and the operating gate mechan-
isms were in good condition. All gates were indi-
vidually raised and lowered utilizing the portable

electrical operator and all operated satisfactorily.

None of the gates were operated utilizing the hand
crank due to the incompatibility of the keyway on
the hand crank and the keyway of the shaft on the
bench stand.

{e) Reservoir

An inspection of the reservoir shore revealed no
evidence of movement or other instability. No signifi-
cant sedimentation was observed behind the spillway or in
the immediate upstream channel. Observation of the
surrounding area revealed no work in progress or recently
completed which might increase the flow of sediment into
the reservoir. Additionally, there are no major changes
to the surrounding watershed which might adversely affect
the runoff characteristics of the basin.

() Downstream Channel

There are no downstream conditions which adversely
affect the operation of the dam or which pose a hazard
to the safety of the dam.
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3.2 Evaluation

Because this dam is of basically straightforward design
and because most of its major components are accessible for
observation, the visual inspection permitted an overall satis-
factory evaluation of those items which affect the safety of
the structure.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 Procedures

As mentioned previously, the NHWRB's dam tender visits
the dam at least every other day and reports gage readings
back to the Board's engineering section. The engineering
section, in turn, directs any operations deemed necessary.
The Board draws this dam down two feet in the late summer or
early fall in anticipation of fall storms and spring runoff.

4,2 Maintenance of Dam

The dam operator also inspects the condition of the dam
during his visits and periodically files a written report with
the Board. - The engineering section then initiates whatever
actions are necessary to effect repairs. Additionally, engi-
neers from the Board inspect the dam periodically.

4.3 Maintenance of Operating Facilities

The procedures outlined in section 4.2 also apply to all
operating facilities.

4.4 Description of Any Warning System in Effect

No formal warning system exists for this structure,

4.5 Evaluation

The operation and maintenance of this dam are well organ-
ized and accomplished satisfactorily. Because of the dam's
hazard potential classification, the lack of a formal, written
fiood and emergency warning system is a significant shorcoming.
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SECTION 5 - HYDRAULIC/HYDROLOGIC

Evaluation of ¥eatures

(a) Design Data

The primary source of data on Lochmere Dam is the
files of the New Hampshire Water Resources Board (NHWRB).
The files contain design drawings for the dam at various
roints in time as repair and modification projects have
occurred. The most recent modifications occurred in
1976 and included the removal of the old headworks to
the power canal and the canal itself. The headworks
were replaced by a concrete structure containing five
6 foot by 6 foot underflow sluice gates. A rating
curve for a single new gate was obtained from NHWRE. An
independent analysis of the gates yielded a flow approxi-
mately fifteen percent greater than that given on the
rating curve. Given that the rating curve may have been
based on more detailed information and that it represents
the more conservative of the estimates, it was accepted
as valid and incorporated into the total rating curve
for the dam. '

No design flows were found in the NHWRB file, but
an analysis by Fenton G. Keyes Associates for the Corps
of Engineers in 1957 rated the capacity of the dam as
5,600 cfs. However, this analysis did not include the
recently constructed sluice gates discussed above.

(b) Experience Data

Experience data for Lochmere Dam is discussed in
subparagraph 1.3(b) (2) above.

(c) Visual Observations

The dam is well maintained and operated on a con-
tinual basis by the NHWRB. There is relatively little
freeboard above the spillway crest. The structure
supporting the gear drives for the sluice gates and
the walkway have only about 2.5 feet of clearance between
them and the spillway crest. The overbank on the right
side will be overtopped when the head above the spillway
exceeds 3 feet. An energy dissipator was constructed
downstream of the five new sluice gates, but it should
not create enough backwater to limit flow from the sluice
gates,

5-1
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(d) Overtopping Potential

The hydraulic conditions of interest in this Phase
I investigation are those required to assess the adequacy
of the dam in terms of its overtopping potential and its
ability to safely allow an appropriately large flood to
pass. This includes the determination of a Test Flood
(TF) and a comparison of that peak flow to the discharge
and storage capacities of the structure.

The Corps of Engineers' "Recommended Guidelines"
for the Dam Safety Inspection Program provides guidance
on the selection of a Test Flood based on the hazard and
size classifications of the structure. For a structure
classified as INTERMEDIATE in size and SIGNIFICANT in
hazard, the recommended TF inflow to the reservoir above
the dam is 1/2 PMF to PMF, where PMF is the Probable Maxi-
mum Flood. For New England, . PMF resulting from 19" of
runoff is assumed. A chart of '"Maximum Probable Flood
Peak Flow Rates' as a function of drainage area and
general topography was provided by the New England Divi-
stion, Corps of Engineers.

The "Recommended Guidelines" suggest that where
a range of test floods is indicated, the magnitude that
most closely relates to the involved risk should be
selected. On this basis, since the risk is considered
to be on the lower end of the SIGNIFICANT category, a
Test Flood based on the 1/2 PMF was selected.

Lochmere Dam is part of a complex hydraulic and
hydrologic system and cannot be directly assigned a 1/2
PMF without consideration of the interactions between
the various dams and reservoirs that comprise the total
Winnipesaukee River system. The drainage area at Lochmere
Dam is 428 square miles, but of that total, 374 square
miles is located above Avery Dam in Laconia, 363 square
miles above Lakeport Dam at Lakeport and 351 square miles
above the narrow channel outflow of Lake Winnipesaukee
at the Weirs. The surface area of Lake Winnipesaukee is
76 square miles and thus represents 22 percent of the
discharge area above the Weirs. Immediately upstream of
Lochmere Dam is Winnisguam Lake with & surface area of
6.5 square miles, or 12 percent of the incremental drain-
age area between Avery and Lochmere Dams. If a storm _
of the magnitude of a 1/2 PMF (assuming 10 inches of runcff)
were to occur, two distinct peaks could be expected at
Lochmere Dam,
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Case A would be the primary peak representing runoff

from the area immediately upstream of Lochmere Dam and
not controlled by any other structures. Based on an incre-
mental area of 54 square miles, the PMF runoff is taken
from the COE curve toc be roughly 1000 e¢sm. Thus, the

1/2 PMF peak inflow may be calculated to equal 27,000
cfs. Assuming that Winnisquam Lake is at its normal
elevation of 482 feet at the start of the storm the
resulting peak outflow was determined to be approximately
9450 c¢fs. Again, this estimate is based on runoff from
the 54 square miles between Lochmere and Avery Dams only.

Case B considers the secondary peak that would
occur when the peak outflow from Lake Winnipesaukee
reached Lochmere Dam. If 10 inches of runoff were to flow
inteo Lake Winnipesaukee and no outflow or spreading of
the surface area is considered, the maximum rise in the
lake would be 3.8 feet. Based on rating information at
the Weirs, a 3.8 foot rise would result in a maximum out-
flow from the lake of approximately 5000 cfs. This pezk
would coincide with the falling side of the runoff hydro-
graph, from the 77 square miles located between the Weirs
and Lochmere Dam. A net assumed runoff of 100 csm was
assigned to the incremental area and then added to the peak
discharge from Lake Winnipesaukee. The resulting estimate

of the 1/2 PMF at Lochmere is then 12,700 cfs.

A more complete analysis of the system would include
assumptions on rainfall distribution, storage and routing
characteristics of each constriction between the Weirs
and Lochmere. However, for the Phase I report it was
concluded that this degree of analysis was not warranted.

Given the two estimates and the assumptions associated
with each, a Test Flood of 10,000 cfs was assigned to :
Lochmere Dam. :

A peak of 10,000 cfs at Lochmere Dam exceeds the
capacity of the dam. The dam's capacity without any .
overtopping of the walkway or overbanks is approximately §
6000 cfs, assuming that the sluice gates are wide open, }
but that the stoplogs (3 feet assumed) have not been
removed. The 10,000 cfs flow would result in the walk-
way and west overbank being overtopped by approximately §
2 feet, If the stoplogs in 12 of the 6 foot wide bays :
were completely removed, the capacity of the dam would i
be increased by approximately 1850 cfs at H = 13, or a
water surface elevation of 484.3 feet at the crest. Thus,
the maximum capacity with the stoplogs removed is approxi-
mately 7800 cfs, which is still less than the test flood
of 10,000 cfs.
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5.2 Hydrologic/Hydraulic Evaluation

The results of the hydrologic and hydraulic assessment
indicate that the dam has a greater capacity than any historic
flood and that the existence of major lakes upstream will
significantly lower any runcff peak flows, but that the dam
would still be overtopped for a flood of the magnitude of a
1/2 PMF. -

An area of concern is the lack of any significant free-
board on the right overbank. The area that was recently
regarded as part of the construction of the new sluice gates
would be overtopped and probably severely eroded during a
major flood.

5.3 Downstream Dam Failure Hazard Evaluation

The flood hazards in downstream areas that would result
from a failure of the dam were estimated using the procedure
set forth in "Rule of Thumb Guidelines for Estimating Down-
stream Dam Failure Hydrographs,' Corps of Engineers, New
England Division, April 1978.

The assumed failure condition is that the water surface
is at the spillway crest with the underflow sluice gates open
full. Thus, there would be a flow of approximately 3000 cfs
rY_or to failure. The estimated peak flow from a failure which
opens an 80 foot wide gap in the dam would be 4250 cfs. Thus,
the peak used to estimate downstream damages was set at approxi-
mately 7000 cfs.

_ This flow corresponds fairly closely with the estimated
500-year flood flow used in the Flcood Insurance Studies for
Tilton and Northfield, New Hampshire. An examination of the
flood hazard maps prepared for those communities using sur-
veyed cross sections and the HEC-2 program indicates that a
flow of 7000 cfs would cause significant flooding in three
locations. The locations are the southwest shore of Silver
Lake where several cottages would be flooded, upstream of the
Route 140 bridge where there are at least three low-lying struc-
tures, and in the central section of Tilton and Northfield,
behind the Tilton Dam, where there are several older mills and
commercial buildings immediately adjacent to the river.
Property damage in all three areas would be & greater concern
than loss of life given the expected levels of flooding and the
close proximity of all three areas to safer high ground.
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SECTION 6 - STRUCTURAL STABILITY

Evaluation of Structural Stability

(a) Visual Observations

The extensive field investigation of this dam do
not reveal any displacement and/or distress which would
warrant the preparation of structural stability calcula-
tions based on assumed sectional properties and technical
values.

(b) Design and Construction Data

There are no design data available for review of
the structural stabilify of the dam. While the existing
construction drawings would provide some guidance in

performing such calculations, the lack of foundation infor-

mation and accurate data concerning the submerged portions
of the dam would significantly decrease the value of any
stability analysis.

(c) Operating Records

The operating records for the Lochmere Dam reveal
no evidence of instability during historic peak flow
periods.

(d) Post Construction Changes

The alterations to the original dam accomplished
by the previous owner and by the NHWREB would be expected
to increase the overall stability of the structure by
providing additional weight and by permitting greatly
increased discharge capabilities.

(e) Seismic Stability

The dam is located in Seismic Zone No. 2 and, in
accordance with the recommended Phase I guidelines, does
not warrant seismic analyses.




SECTION 7 - ASSESSMENT, RECOMMENDATIONS
AND REMEDIAL MEASURES

Dam Assessment

(a) Condition

The Lochmere Dam is in GOOD condition at the
present time.

(b) Adequacy of Information

The lack of in-depth engineering data does not
permit a definitive review. Therefore, the adequacy of
this dam cannot be assessed from the standpoint of
reviewing design and construction data. The assessment
is thus based primarily on the visual inspection, past
performance history and sound engineering judgement.

(c) Urgency

The improvements described herein should be
implemented by the owner within 2 years of receipt
0of the Phase I Inspection Report.

{(d) Need for Additional Investigation

Since the discharge capacity of the dam is
insufficient to pass the selected Test Flood and since

the fcollowing subparagraph will recommend an improvement
in this capacity, a refined hydrologic analysis to develop

the appropriate Test Flood in & more detailed manner
appears warranted.

Recommendations

Since the discharge capacity of the Lochmere Dam is in-

engpe

o

>

AL e AT S5 L e I e S AT
Sl H . s -2 e -

L
£y

L o  RUP RN

R ks Pofuers i

R e e—

e e et

O T Iy S

sufficient to pass a 10,000 cfs Test Flood without overtopping,
an engineering investigation to develop increased discharge
capacity at the dam is recommended.

Additionally, a technical inspection of the dam should be
conducted every two years.

7.3 Remedial Measures

The Lochmere Dam requires the following operating and
maintenance improvements:

(1) Provide compatible hand cranks and keyways for
all stems so that the gates may be operated in emergency
situations when power is not available.
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(7) Institute a formal, written flood and emergency
warning system.
7.4 Alternatives
As an alternative to an improvement of the dam's dischérge
capacity, the structure could be left asis with the potential for

(2) Monitor erosion at the end of the right training
wall and improve the rock slope protection if necessary.

(3) Monitor seepage through squared stone masonry
near the left side sluice gates, noting particularly
any changes in quantity. 1If the situation presents
itself, conduct a detailed inspection of these areas
under drawn down or other low water conditions.

{(4) Install a gauge at the.dam site to better
monitor flow.

(5) Replace the inadequate maintenance stoplbgs for
the five bay sluiceway. '

(6) Instruct local officials such as the police and
fire chiefs in the proper operation of the dam and
arrange for their access to operating equipment in the
event of an emergency. Such a program might decrease
response time in the event of unforseen circumstances.

flooding in the event of a Test Flood magnitude storm. Since
the storm of record in this area, which occurred in 1938, is
less than 40 percent of the Test Flood, this alternative may
be a viable cne.

There are no meaningful alternatives to the operating
and maintenance type improvements.
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APPENDIX A

VISUAL INSPECTION CHECKLIST
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INSPECTION TEAM ORGANIZATION

Date:

NH 00015
'LOCHMERE DAM

x

NHWRB 21,07

F

VWeather:

INSPECTION TEAM

James H, Reynolds

William 8. Zoino
Nicholas Campagna

Andrew Christo

Paul Razgha

David Duncan

Guillermo Vicens

Mr. Robert Vay,
inspection team,

- e

i
i

31 May 1978

dam tender for the NHWRB,

Belmont, New Hampshire
Winnipesaukee River

Sunny and warm

Goldberg, Zoino, Dunnicliff
& Associates, Inc. (GZD)
GZD

GZD

Andrew Christo Engineers
(ACE)

ACE

Bethel, Duncan and Q'Rourke,
Inc,

Resource Analysis, Inc.

b

e

Team Captain
Soils

Soils

Structural
Structural

Mechanical

Hydreclogy

accompanied the {
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LOCHMERE DAM May 31, 1978
Belmont, NH NH 00015

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

DAM SUPERSTRUCTURE

a. General

r

Settlement or move- 74 C-

ment of crest None noted

Vertical alignment No deficiencies noted
Horizontal alignment No deficiencies noted
Condition at abutments

Settlement or move-

ment of crest . Ncone noted
Trespassing on slopes None noted

Sloughing or erosion
cf slopes Large eroded area at end of
right training wall; erosion
arrested by placement of heavy

— 0 — - BB - ——

boulders

Rock slope protection No deficiencies noted on left
side; right side as mentioned
above

Unusual movement or

cracking at or near

toes None noted

Unusual embarhment or

downstream seepage Noie huoed

Piping or boils ' None noted

Foundation drainage

features Unknown

Toe drains Nac Unknown
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LOCHMERE DAM
Belmont, NH

May 31, 1878
NH 00015

CHECK LISTS FOR VISUAL INSPECTION

1 . r——

x

-

[4

AREA EVALUATED BY CONDITION & REMARKS
OUTLET WORKS
a. Approach Channel
pel o
Slope conditions No.evidence of instability
Bottom conditions Deep approach
Log boom None
Debris None noted
Trees overhanging 2
channel 7 None
b. Five Bay Sluice Gate ’Fﬁb/
Structure .
General condition of
concrete Good
Rusting or staining None
Spalling None
Erosion or cavitation None
Visible reinforcing None
- Seepage or efflour-
escence None
Cracking [ None

Junctions with pier
and right abutment

Condition of sluice
gates

No deficiencies noted

Good

- .
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LUCHMERE LAaM
Belmont, NH

A ay e | LS Ve

NH 00015

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED

BY

CONDITION & REMARKS

Condition of operating
mechanisms

c. Spillway Structures

General condition of
concrete, spillway
caps and apron

Squared stone masonry

Intermediate concrete
piers

Condition of stoplogs
Junction with pier

d. Sluice Gate and Spill-
way structure

General condition of
concrete spillway cap
and aprons

Squared stone masonry

L7

2l

Good, but hand/crank does not
fit stem; all gates properly
operated with portable elec-
fric operator; maintenance

stoplogs improperly fabricated,
thus in poor condition

Concrete in good condition;
minor surface erosion on both
structures; minor joint ero-
sion on spillway structure

Good condition;
any exists,
observed

seepage, 1if
could not be

Minor hairline cracking,
ing, efflourescence and rust
staining (from steel service
bridge)

Good

No deficiencies noted

Concrete in good condition;
minor surface erosion

Good condition,; seepage ob-
served when sluice gates
operated

check-
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LOCHMERE DAM May 31, 1978
Belmont, NH e NH 00015

' CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

Intermediate concrete (?£>
piers ' Minor hairline cracking,

checking, efflourescence and
rust staining (from steel
service bridge)
Condition of operating
mechanisms Good, but manual key does not
fit stem; all gates operated
with portable electric opera-
tor
Conditicn of gates Not observed due to submerged
condition
Junction with left .
abutment No deficiencies noted i3
e. Service building and 7
bridge i
Loyt
. [y
Bearing Minor corrosion on bridge ﬁ
: supports 3
General condition of %\
concrete and masonry Good 1
3
Expansion joints i No deficiences noted g”
Metal grid deck ; Good condition §i
Handrails : Good condition e
f. Outlet Channel 'iu// ’
Condition of concrete | :
aprons %WC/ Minor surface erosion '
Trees overhanging
channel None of significance
Floor of channel *ﬂﬂC>' Rocky
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LOCHMERE DAM
Belmont, NH

May 31, 1978
NH 00015

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS
Other obstructions ‘?74(/ Deteriorated road bridge 700
feet downstream could wash
T out and become obstruction
due to its condition
g. Existence of gages USGS gages upstream and down-
stream; none at dam itself
RESERVOIR
a. Shoreline
Evidence of slides None
Potential for slides Shoreline stable
b. Sedimentation None noted
¢. Upstream hazard areas
in the event of back-
flooding Many residences and businesses
around Lake Winnisquam
d. Changes in nature of
watershed (agriculture,
logging, construction,
etc.) None noted
DOWNSTREAM CHANNEL
Restraints on dam
' operation None noted
Potential flooded
areas ;%QC; Some low lying areas around

Silver Lake and through Tilton
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DELMONL, NGO . . . NH 000156

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS o -
3
OPERATION AND MAINTANANCE e

FEATURES -

a. Reservoir regulation

plan

Normal procedures fmﬁﬁ} Regulate Lake Winnisquam for
' recreational purposes

Emergency procedures Minimize flcoding along

Winnipesaukee River

Compliance with desig-
nated plan Satisfactory

b. Maintenance

Quality Satisfactory

Adeqguacy 4 v Satisfactory




FIGURE 1
FIGURE 2
FIGURE 3

FIGURE 4
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Site Plan B-2 3
Plan of Dam B-3 o
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E The NHWRB, 37 Pleasant Street, Concord, N.H. 03301 maintains
the following documents concerning this dam:.

I {(a) Operational records of the dam since the advent
- of state ownership in 1966 plus any records
. turned over by the previous owner.
l (b) Four pages of hand-drawn sketches relating to the
modifications accomplished in 1977.
' (c) An undated discharge curve for the new right gate
N structure.
l (d) A 1938 report by the New Hampshire Water Control
. . Commission entitled "Data on Dams in New
Hampshire."
| (e) A 1938 report by the same agency entitled "Data
on Water Power Developments in New Hampshire."
I () Two reports, one'prepared by the Department of
; Housing and Urban Develcpment and one prepared by
the Corps of Engineers concerning the hydrology
I of the Winnipesaukee River.
' The Board's telephone numbers are (603) 271-3406 or (603)
I 271-1110,.
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1, View from downstream of right side
gate structure

2. View from upstream of operating
. . mechanisms for left side waste gates
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3. View from downstream of repairs to eroded
area near toe of right side outlet channel




APPENDIX D

HYDROLOGIC AND HYDRAULIC COMPUTATIONS
LOCHMERE DAM
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ggggkk: DISCHARGE~STAGE CALCS FOR LOCHMERE DAM
E=1.5

PRINT "DISCHARGE FROM LOCHMERE DAM"

PRINT USING 150:

IMAGE ~7 2T"HEAD"30T"DISCHARGE"

PRINT USING 170!

170 IMAGE 1T"(FEET)"32T"(CFS)"

188 PRINT USING 198: |
199 IMAGE 18T"TOTAL Ra @B oC QD O QF"
209 FOR H=9 TO 18 STEP 08.25

210 Q1=81%(64,4%H>10.5

220 05237, 7%(64,4%H)>18,5

230 7=0

248 Q2=0

250 (03=0

260 Q4=0

278 IF H¢=9.6 THEN 278 |

288 03=23%X(66-0,02%24%(H~9,6)>%(H-3,6)1E

299 IF H{=18 THEN 379

308 G2=3.2%C16,5-0,02%6%(H-10) YX(H-10)1E

318 G4=2.8%(66~8,B2%24%(H-10) )X (H-10>1E

328 IF H¢=13 THEN 370

330 02=3.2%18%(H-19)1E

249 03=3%72%(H-9.6)1E .

350 Q4=2,8%72%(H-10)1E -
360 Q7=2.8%88%(H-13)1E

370 06=01402+03+04+Q5+07

280 PRINT USING 390:H,06,01,02,03,04,05,07

390 IMAGE 1T;2D.2D,80,8D,6Ds7Dy 7Dy 7Dy 7D

400 NEXT H .

410 END

o N B

U DI G
OO ODIIRV

A




DISCHARGE FROM LOCHMERE DAM

HEAD - D1SCHARGE
CFEET) (CFS)
TOTAL A @B Qc QD 0E oF
9,00 2858 1950 B 9 8 988 )
9,25 2897 1977 B 8 6 920 D
9,50 2936 2004 B ) B 932 9
8,75 2986 2939 g 11 B 945 B -
19,00 3862 2056 9 50 g 957 0
19.25 3183  2p2{ 7 183 23 969 )
18,50 3338 2196 19 168 65 980 9
19.75 3519 213t 34 242 119 992 9
11.08 3728 2156 52 325 182 1603 2
11.25 3333 2188 7?3 415 256 1815 9
o 11.58 4173 2284 96 511 336 1026 9
T 11.75 4423 2228 121 614 422 1837 9
5 12.88 4685 2252 14?7 723 515 1948 g
 12.25 4868 2275 175 838 6412 1059 g '
12.58 5247 2298 . 205 957 717 1070 9 .
12.75 5545 2321 236 1832 826 1090 9
13.08 5853 2344 268 1211 933 1091 9
12.25 6528 2366 337 1506 1181 1101 28
13.58 6349 2388 377 1664 1320 {112 79
12.75 7386 2418 418 1826 1464 1122 145
14.98 7855 2422 461 1994 1613 1132 224
14.25  B346 2454 505 2166 1766 1142 313
14.590 8856 2475 556 2342 1924 1152 442
14.75 9385 2496 596 2524 2087 1162 519
15.98 9921  251¢ €44 2719 2254 1172 634
{5.25 18495 2532 693 2991 2425 1181 756
15.58 11675 2559 743 3096 2600 1191 885
15.75 11679 2580 794 32294 2788 12081 1822
16.99 12281 2608 847 3497 2963 1218 1164
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16,25 12906 2620 889 3704 3159 229 1312 §

16,358 13546 2648 955 3815 3341 1229 1467 ’

16.75 14200 2660 1810 4138 3535 1238 1627

17.00 - 14868 2689 10867 4348 3734 1247 1792 !

17.25 15548 2708 1124 4570 3935 1257 1963

17.58 16243 2719 1183 4796 4141 1266 2138 :

.79 163560 2739 1243 5026 4339 1275 ggég g
|

18.88 17663 2758 1383. 5259 4562 1284
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